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BACKGROUND	
SUMMARY	 Over	the	past	15	years,	the	northeastern	United	States	has	seen	a	
statistically	 significant	 increase	 in	 the	 frequency	 of	 extreme	




Extreme	 precipitation	 events	 are	 characterized	 by	 a	 statistically	
exceptional	amount	of	precipitation	falling	in	a	given	time	period	
as	 compared	 to	 climatology.	 Varying	 definitions	 of	 extreme	
precipitation	can	be	found	in	the	literature	based	on	different	time	
and	 spatial	 scales	 and	 statistical	 methods.	 Regardless,	 extreme	
precipitation	events	need	to	be	monitored	and	predicted	because	
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during	 the	 summer	 in	 the	 northeastern	 United	 States,	 encompassing	 an	 area	 from	
southeastern	 New	 York	 to	 northern	 Maine.	 The	 trend	 in	 northeastern	 U.S.	 extreme	
precipitation	events	carries	a	statistical	significance	of	99	percent	and	has	been	confirmed	
in	multiple	datasets	(e.g.,	Agel	et	al.,	2015;	Frei	et	al.,	2015;	Collow	et	al.,	2016).	The	study	
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Tropical	cyclones	are	known	to	cause	the	most	intense	extreme	precipitation	events	in	
the	Northeast	 (Konrad,	 2001).	 Aside	 from	a	 scarcity	 of	 tropical	 cyclones	 in	 the	 1980s,	
there	is	little	variability	in	the	frequency	of	tropical-related	extreme	precipitation	events,	
as	 there	were	never	more	 than	 two	events	 in	a	given	year	 (Fig.	1a).	Although	 there	 is	
interannual	variability	in	the	number	of	unassociated	events,	most	occurred	prior	to	the	
increase	seen	over	the	past	15	years	(Fig.	1b).	Unlike	the	tropical	storm-related	systems	
and	 the	 unassociated	 events,	 the	 number	 of	 events	 related	 to	 frontal	 systems	 has	
increased	 by	 0.69	 events	 per	 decade	 (statistically	 significant	 at	 95%),	 accounting	 for	
roughly	half	of	the	observed	increase	in	the	total	number	of	extreme	precipitation	events	




As	 frontal	 systems	 and	 closed	 low	 pressure	 systems	 are	 primarily	 responsible	 for	 the	
observed	 increase	 in	 extreme	 precipitation	 events,	 the	 atmospheric	 conditions	

















hPa	 height	 changes	 are	 more	 related	 to	 low	 pressure	 events	 than	 frontal	 events.	
However,	both	event	types	are	associated	with	higher	heights	northeast	of	the	region	in	
more	 recent	years	 (Figs.	3b	and	3c).	Also,	 in	 the	more	 recent	 time	period,	 the	area	of	
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The	 Eady	 mean	 growth	 rate	 (Hoskins	 and	 Valdes,	 1990)	 is	 a	 measure	 of	 baroclinic	
instability	within	 the	atmosphere	 that	 can	be	used	as	an	analogue	 for	 storm	tracks	 to	
determine	how	the	path	of	a	storm	has	changed	over	time.	The	parameter,	which	 is	a	













moisture	 with	 topography	 would	 enable	 extreme	 precipitation	 events	 to	 occur.	 This	








extreme	 precipitation	 events	 in	 the	 northeastern	 United	 States.	 Although	 tropical	
cyclones	 can	 cause	 the	 most	 intense	 events	 in	 the	 region,	 the	 recent	 increase	 the	
frequency	 of	 extreme	 events	 is	 related	 to	 frontal	 systems	 and	 closed	 low	 pressure	
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